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(54) SURFACE HARDNESS MEASURING INSTRUMENT 

(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide a surface hardness 



measuring instrument which can accu rately detect the contact 
point between an indenter attached to a cantilever and a sample in 
measuring the hardness of the sample by pressing the indenter 
against the sample. 

SOLUTION: The reference position of an indenter 4 is set to the 
position where the output of a displacement gauge 1 1 is zero and a 
sample T is raised little by little by a prescribed amount after the 
sample is lowered from the reference position. When the gauge 1 1 
detects that the sample T comes into contact with the indenter 4, 
the point is decided as the contact point between the indenter 4 
and sample T. Then the hardness of the sample T is measured by 
lowering the indenter 4 from this contact point. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A surface hardness measuring device comprising: 

A cantilever in which said indenter was allocated in a surface hardness measuring device which stuffs an 

indenter into a specimen surface and measures a property value of said sample based on pressing force 

and indentation depth of this indenter. 

A load means which gives distortion to this cantilever. 

A mounting base holding said sample. 

A displacement gage which measures displacement of said indenter and outputs a displacement signal, and 
a detection control means which detects that set said indenter as a reference position, raised said 
mounting base, Judged an output change of a displacement signal of said displacement gage, and said 
indenter contacted said sample. 

[Claim 2]Said reference position is a position of zero and an output of a displacement signal of said 
displacement gage said detection control means. The surface hardness measuring device according to 
claim 1 moving said mounting base to the 1 st movement magnitude [ every ] upper part, suspending 
movement to the upper part of this mounting base when said displacement signal changes from zero, and 
the 2nd carrying out movement magnitude descent of this mounting base from this stop position, and 
setting it as a point-of-contact search initial position. 

[Claim 3]Said reference position is a position which moved said indenter to the specified quantity 
aforementioned mounting base side and to which a displacement signal was made to output from said 
displacement gage. The surface hardness measuring device according to claim 1 or 2 the 3rd [ smaller than 
said 1st movement magnitude ] raising said mounting base movement magnitude every, suspending said 
mounting base when said displacement signal changes, and detecting this stop position as a position to 
which said indenter contacted said sample. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the surface hardness measuring device which measures 

property values, such as surface hardness of a sample. 

[0002] 

[Description of the Prior Art] For example, although the surface hardness measuring device which measures 
the Vickers hardness number of a sample. Knoop hardness, etc. is known, In order to measure the elastic 
thin film and the part of a bulk material which were especially formed on substrates, such as a 
semiconductor device and a magnetic disk, and the hardness of a pole surface, surface hardness measuring 
devices, such as a micro hardness tester in which test force is very small, are used. 
[0003]An indenter is attached to a cantilever in such a surface hardness measuring device. The 
displacement to the upper part of the indenter from the time of moving towards the sample laid in the 
mounting base in the indenter by the piezoelectric element etc, and an indenter contacting a sample with 
noncontact displacement gages, such as an optical displacement measurement meter or an electrostatic 
capacitance displacement meter. While measuring to the order of mum or nm. the load added to a sample 
from an indenter is calculated with displacement of an indenter, and the spring constant of a cantilever, 
and this measures the hardness of a sample. 

[0004]Here, the contact to the sample of an indenter is detected as follows. That is, the movement speed 
of an indenter changes in the back before an indenter contacts a sample. Therefore, as shown in drawing 5 . 
displacement of the indenter to lapsed time is plotted, it asks for the point Q1 before speed change, the 
straight line LI which connects Q2, the point Q10 after speed change, and the intersection XO with the 
straight line L2 which connects Q20, and this point XO is detected as a point that the indenter contacted 
the sample. And after detecting this point of contact, while dropping an indenter in predetermined load 
measure, an indenter is dropped with that load speed and an indentation is formed in a sample until it 
detects the load by an indenter and becomes predetermined set load. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since it is what detects the point Q10 shown in 
above-mentioned drawing 5 , and two points of Q20, and asks for a point of contact in what detects the 
point of contact of an indenter and a sample after an indenter and a sample contact as mentioned above, it 
will be actually late for the time of contact, and measurement will be started. The purpose of this invention 
is to provide the surface hardness measuring device which can start measurement promptly after contact 
with an indenter and a sample. 
[0006] 

[Means for Solving the Problem]When it explains with reference to drawing 1 and drawing 2 in which 1 
embodiment is shown, an invention of claim 1, The cantilever 3 in which the indenter 4 was stuffed into a 
specimen surface, it was applied to a surface hardness measuring device which measures a property value 
of the sample T based on pressing force and indentation depth of the indenter 4, and the indenter 4 was 
allocated. The load means 1 7 which gives distortion to the cantilever 3. and the mounting base 20 holding 
the sample T, The above-mentioned purpose is attained by having had the displacement gage 1 1 which 
measures displacement of the indenter 4 and outputs a displacement signal, and the detection control 
means 30 which detects that set the indenter 4 as a reference position, raised the mounting base 20, 
judged an output change of a displacement signal of the displacement gage 11, and the indenter 4 
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contacted the sample T. 

[0007]An invention of claim 2 is a position of zero and an output of a displacement signal of the 
displacement gage 1 1 a reference position the detection control means 30, The mounting base 20 is moved 
to the 1 st movement magnitude [ every ] upper part, when a displacement signal changes from zero, 
movement to the upper part of the mounting base 20 is suspended, the 2nd carries out movement 
magnitude descent of the mounting base 20 from this stop position, and it is set as a point-of-contact 
search initial position. 

[0008]An invention of claim 3 is the position to which a reference position moved the indenter 4 to the 
specified quantity mounting base 20 side, and a displacement signal was made to output from the 
displacement gage 1 1, The 3rd [ smaller than the 1st movement magnitude ] raises the mounting base 20 
movement magnitude every, when a displacement signal changes, the mounting base 20 is suspended, and 
a stop position is detected as a position to which the indenter 4 contacted the sample T. 
[0009]In a paragraph of a means for solving an aforementioned problem explaining composition of this 
invention, in order to make this invention intelligible, a figure of an embodiment of the invention was used, 
but thereby, this invention is not limited to an embodiment. 
[0010] 

[Embodiment of the Invention]With reference to drawings, an embodiment of the invention is described 
below. Drawing 1 is a figure showing the composition of the load mechanism in the surface hardness 
measuring device concerning this embodiment. As shown in drawing 1 , the load mechanism 6 of the surface 
hardness measuring device concerning this embodiment, The displacement gage adjusting mechanism 9 is 
attached to the breakthrough 8A formed in the U-shaped load mechanism main part 8, and the plunger 10 
which carries out reciprocation moving to a load-axis Z direction according to an unillustrated moving 
mechanism is attached to the displacement gage adjusting mechanism 9. The mounting base 20 for laying 
the sample T is attached to the upper surface of the lower part 8B of the load mechanism main part 8. The 
mounting base 20 is made movable by the unillustrated moving mechanism in the load-axis Z direction and 
the direction of two dimensions (the direction of Y which are the direction vertical to space of X, and a 
space longitudinal direction), and minute displacement of it is made possible by the piezo actuator 21 
especially in the load-axis Z direction. Maintenance of the sample T of the mounting base 20 is enabled by 
magnetism. The tip of the plunger 10 is in contact with the displacement gage fitting part 12 by which the 
displacement gage 1 1 was fixed to the undersurface. The displacement gage fitting part 1 2 is energized 
above drawing 1 with the spring 13, and. thereby, the displacement gage 1 1 moves up and down along with 
a load-axis Z direction in connection with the vertical movement of the plunger 10. 
[001 1]The piezo actuator 17 attached in the frame 14 is formed in the left in drawing 1 of the load 
mechanism 6, The upper bed of the piezo actuator 17 is ****ed via the round support 15, it is being fixed 
to the load mechanism main part 8 by 1 6, and the frame 2 is attached to the lower end. The indenter 4 is 
attached to the frame 2 via the cantilever 3 of both the **** type that consists of flat spring. The frame 
14 will be extended to a load-axis Z direction, if the piezo actuator 17 is energized, and if energization is 
intercepted, it will be shrunken by a load-axis Z direction. Thereby, the indenter 4 attached to the frame 2 
moves up and down along with a load-axis Z direction according to displacement of the piezo actuator 1 7. 
The gauge (unHllustrating) for measuring displacement of the piezo actuator 17 is stuck on the frame 14. 
[0012]Subsequently, operation of this embodiment is explained. The block diagram, drawing 3 , and drawing 4 
in which the composition of the treating part in the surface hardness measuring device which drawing 2 
requires for this embodiment is shown are a flow chart explaining operation of this embodiment. As shown 
in drawing 2, a treating part consists of CPU30 and the memory 31. The piezo actuators 17 and 21 and the 
displacement gage 1 1 which were mentioned above are connected to CPU30. First, in Step SI, the sample 
T is laid in the upper surface of the mounting base 20. And a focus is doubled with the surface of the 
sample T with an unillustrated optical microscope. In Step S3, the mounting base 20 is once dropped for 
the safety in the case of movement of the mounting base 20. the mounting base 20 is moved to an XY 
direction in step S4, and the sample T is moved under the indenter 4. The above-mentioned step SI - step 
S4 are not performed by CPU30, and when a user drives the mounting base 20 manually, they are 
performed. 

[0013]In the following step S5. the piezo actuator 21 of the mounting base 20 is driven, and the mounting 
base 20 is moved to 1 step (for example. 21 nm) upper part. In Step S6, it is judged whether the sample T 
contacted the indenter 4 and the displacement signal was outputted from the displacement gage 1 1 . When 
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Step S6 is denied, it returns to Step S5 and processing of Step S5 and Step S6 is repeated. When Step S6 
is affirmed, the position of the Z direction of the mounting base 20 at the time of a displacement signal 
being outputted from the displacement gage 1 1 in Step S7 is memorized as an initial position. Descend the 
mounting base 20 by 5 micrometers, make the sample T desert the indenter 4 in the following step S8. and 
20 micrometers of mounting bases 20 are moved to an XY direction in step S9, for example. The position of 
the indentation formed in the sample T by contact with the indenter 4 and the sample T in the above- 
mentioned step S6 is moved from the lower part of the indenter 4. And in Step S10, the cantilever 3 is 
moved to 1 step (for example, 1 nm) lower part. In this state, the output from the displacement gage 1 1 
serves as a position which descended by 1 nm from the initial position. 

[0014]In the following step S1 1 (refer to drawing 4 ). in order to detect contact with the indenter 4 and the 
sample T, the mounting base 20 is moved to 1 step (for example, 1 nm) upper part. And in the following 
step S12. it is Judged whether the cantilever 3 was displaced from the displacement which is 1 nm with the 
displacement signal outputted from the displacement gage 1 1. When Step SI 2 is denied, it returns to Step 
SI 1 and processing of Step S1 1 and Step SI 2 is repeated. When Step S12 is affirmed, at this time, the 
indenter 4 develops in the following step SI 3 as a thing in contact with the sample T according to the load 
speed which was able to define the piezo actuator 17 beforehand. Zero reset of the displacement gage 1 1 
is also performed in Step S13. And in Step SI 4, it is judged any of positive, negative, or zero the outputs of 
the displacement gage 1 1 are. 

[0015]When the output of the displacement gage 1 1 is pressed by positive, the indenter 4 is pressed by the 
sample T in Step SI 4 and the cantilever 3 is being displaced upwards, Irrespective of the elongation of the 
piezo actuator 1 7, feedback control of the mounting base 20 is carried out so that the position of a Z 
direction may not be displaced, and the mounting base 20 may be descended in Step SI 5. When the output 
of the displacement gage 1 1 is zero in Step SI 4. the mounting base 20 is suspended in Step SI 6. When the 
output of the displacement gage 1 1 is negative in Step SI 4, contrary to the case where the output of the 
displacement gage 11 is positive, the mounting base 20 is gone up in Step SI 7. Thus, the distortion added 
to the cantilever 3 can maintain the value corresponding to a load speed by carrying out feedback control 
of the movement to the Z direction of the mounting base 20. 

[0016]And in Step SI 8. it is judged whether test conditions defined beforehand, such as retention time of 
the indenter 4 and maximum load, were reached. That is, while measuring the amount of displacement after 
the indenter 4 contacts the sample T with the displacement gage 1 1, the product of this amount of 
displacement and the spring constant of the cantilever 3 is computed by CPU30, and the load to the 
sample T is calculated. And Step SI 8 is affirmed as what reached the test condition which the calculated 
load became the maximum load defined beforehand, or was beforehand defined by predetermined load, and 
which was beforehand set that predetermined time maintenance is carried out. On the other hand, when 
Step SI 8 is denied, it returns to Step SI 3 and processing of Step SI 3 - Step SI 7 is repeated. 
[0017]Thus, after the load by the indenter 4 to the sample T is completed, the energization to the piezo 
actuator 17 is intercepted, the indenter 4 is moved in the direction which separates from the sample T, and 
the load to the sample T is ended. And the sample T in which the indentation by the indenter 4 was formed 
is removed from the mounting base 20, the shape of an indentation is measured under the microscope etc. 
which were formed independently, and the hardness of the sample T is calculated with this shape and the 
load to the sample T calculated with the above-mentioned arithmetic unit. And the data of a test result is 
saved in the memory 31 in Step SI 9. and processing is ended. 

[0018]Thus, if the cantilever 3 is descended, displacement is given to the indenter 4 and an examination is 
started, before the indenter 4 and the surface of the sample T contact, in order to try to return 
displacement of the indenter 4 by the feedback control mentioned above, the mounting base 20 goes up. 
And since distortion will be produced in the cantilever 3 and the position of the indenter 4 will change if the 
sample T contacts the indenter 4 and produces load, it is detectable that the displacement gage 1 1 
detected this displacement and the sample T and the indenter 4 contacted. Therefore, in this embodiment, 
like the conventional surface hardness measuring device. Since measurement can be begun as compared 
with what begins measurement after the sample T contacts the indenter 4 immediately after leaving for a 
while, after the sample T actually contacts the indenter 4, the hardness of the sample T can be measured 
correctly. 

[0019]In CPU30, although it is made to process according to the flow chart shown in above-mentioned 
drawing 3 and drawing 4 . the circuit which performs feedback control mentioned above is provided, and it 
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may be made to process by this circuit in the above-mentioned embodiment in hard. In the above- 
mentioned embodiment, although the cantilever 3 is made into both the **** type, it may be a cantilever 
type. 

[0020]In correspondence with an above embodiment and a claim, the piezo actuator 1 7 constitutes a load 

means and CPU30 constitutes a detection control means. 

[0021] 

[Effect of the InventionjHaving made it detect that according to this invention judged the output change of 
the displacement signal of a displacement gage, and the indenter contacted the sample as explained to 
details above A sake, It asks for the straight line which shows change of the speed of an indenter before 
and after the indenter contacted the sample like before, and as compared with what makes the intersection 
of this straight line the point of contact of an indenter and a sample, after contact with an indenter and a 
sample, measurement of hardness can be started promptly and the hardness of a sample can be measured 
more correctly. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]T he figure showing the composition of the load mechanism of the surface hardness measuring 
device concerning this embodiment 

[Drawing 2]T he block diagram showing the composition of the treating part in the surface hardness 
measuring device concerning this embodiment 

[Drawing 3] The flow chart which shows the processing performed in this embodiment (the 1) 
[Drawing 4] The flow chart which shows the processing performed in this embodiment (the 2) 
[Drawing 5] The figure for explaining the conventional example which asks for the point of contact of an 
indenter and a sample 
[Description of Notations] 

3 Cantilever 

4 Indenter 

6 Load mechanism 
1 1 Displacement gage 
17 and 21 Piezo actuator 
20 Mounting base 

30 CPU 

31 Memory 



[Translation done.] 
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